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Loss of important reindeer habitats is an increasing concern in Sweden. The focus 
for loss of habitats has mainly been pine (Pinus sylvestris L.) forests and lichens. 
However, reindeer diets also consist of other food sources like sedges, grasses and 
herbs (often found in spruce forests) that will be discussed in this study. There has 
been a decline of spruce (Picea spp.) forests within the reindeer husbandry area 
and the importance of those habitats for reindeers has been neglected through 
planning in favour of lichen rich pine stands. The aim of this study is to describe 
the change of spruce forests within the reindeer husbandry area with focus on 
changes over time in field layer, age distribution and relative stocking level. As 
well as performing a statistical analysis on the relationship between field-layer 
and relative stocking level or age distribution. This study is centred around two 
main questions: What explains the results and how does it affect the reindeer? The 
results from this study has shown a change in age distribution, relative stocking 
level and a large total area decrease of spruce forests within the reindeer 
husbandry area since 1986. The results also show a significant association 
between herbs/grass and relative stocking level through statistical tests. There is 
also a significant relationship between grass and forest age. 






Förlust av viktiga habitat för renar är ett ökande problem i Sverige. Fokus har 
främst varit förlusten av tallskog (Pinus sylvestris L.)  och lavar. Renens diet 
består emellertid också av andra betesresurser som starr, gräs och örter som 
kommer att diskuteras i denna studie. Granskogarna (Picea spp.) har minskat 
inom renskötselområdet och dessa livsmiljöers betydelse för renar har försummats 
i planering till förmån för lavrika marker. Syftet med denna studie är att beskriva 
förändringen hos granskogar inom renskötselområdet med fokus på fältskikt, 
åldersdistribution och slutenhet. Samt utföra en statistisk analys av förhållandet 
mellan fältskikt och densitet- eller åldersfördelning. Studien bygger på två 
huvudsakliga frågeställningar: Vad förklarar resultaten och hur påverkar det 
renarna? Resultaten från denna studie har visat en förändring i åldersfördelning, 
densitet och en stor total arealförlust av granskogar inom renskötselområdet sedan 
1986. Resultaten visar också ett signifikant samband mellan örter/gräs och 
densitet genom statistiska tester. Det finns också en betydande relation mellan 
förekomsten gräs och skogsålder. 
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Ever since the 1950s clear cutting has been the most common forest management 
method in northern Sweden. This is due to the system being easy to understand 
and plan since it follows the common/similar pattern of gardening/agriculture 
from sowing to growth and finally harvest (Albrektsson et al 2012) or supposedly 
mimics stand-replacing forest fires. Clear cutting has its obvious financial benefits 
but followed by negative consequences for biodiversity and reindeer husbandry. 
Reindeer husbandry is essential for Sami culture and has been for over 400 years 
(Josefsson et al. 2010). In the north of Sweden commercial forestry and reindeer 
husbandry use the same forestland. Approximately half of Sweden's productive 
forest lands are within the reindeer husbandry area (Sandström et al. 2016; 
Carlsson & Boström 2014). 
 
The negative consequences of forestry for reindeer husbandry causes difficulties 
in forest planning and some form of sustainable trade-off between the two 
industries is essential. Therefore § 20 (SFS 2010:930 Skogsvårdslagstiftningen) in 
Swedish forestry act was created in 2010 to facilitate communication and the 
planning process between the industries. This law states that before harvesting 
takes place in the year-round grazing areas of reindeer husbandry, the affected 
reindeer herders must be offered a consultation. The government or authority that 
the government decides may issue regulations on such consultation. The  
consultations are meetings between forest companies and the reindeer herders. 
This is an opportunity for reindeer herders and forest companies to discuss future 
forest actions, if they should be conducted and when. However,  numerous studies 
in recent years show a change in vegetation due to effects of modern forest 
management (Kuuluvainen 2002; Strengbom et al. 2004; Uotila & Kouki 2005; 
Shorohova et al. 2009; Kivinen et al. 2010; Bäcklund et al. 2015). Removal of 
trees through clear cutting cause reindeer to lose sun protection and furthermore it 
decreases the abundance of arboreal lichen, an important food source (Mallory & 
Boyce 2018). However, reindeer diet consists of more than just lichens. Vascular 
plants like sedges, grasses and herbs is also a main part of reindeer diets, 
especially during the summer months (Käyhkö & Horstkotte 2017; Mallory & 






In the early summer months, it is very important for reindeer to regain their 
nutritional balance after a long winter (Käyhkö & Horstkotte 2017). During warm 
summers reindeer depend highly on dense spruce forests to protect them from sun 
and bloodsucking insects (Carlsson & Boström 2014; Helle 1982; Hagemoen & 
Reimers 2002). High summer temperatures cause the reindeer a lot of distress 
since they lack the ability to sweat (Kolloen 2015; Helle 1982). Thus, maintaining 
spruceforests within the reindeer summer husbandry area is crucial for the 
survival of reindeer. The plantation of foreign tree species such as lodgepole pine 
(Pinus contorta) also threatens the life of the reindeer making the area to conduct 
reindeer husbandry smaller. This effect is due to dense impassable lodgepole pine 
forests without edible vegetation (Carlsson & Boström 2014). Logging mainly 
affects the winter grazing lands for mountain reindeer whereas it has an all year-
round effect on forest reindeer who spend all year within the forest (Eriksson 
1976). 
 
The most important food source for reindeer during winter is lichen (Kivinen et 
al. 2010). Today there are challenges when assessing the importance of a forest 
since there is no method for calculating the economic value of the lichen which 
means that the economic value of the grazing cannot be calculated for reindeer 
husbandry. Furthermore, the impact of forest management and its effect on the 
reindeer grazing vegetation cannot be calculated (Sandström, Esselin et al. 2006). 
Even if there is not a current system for assessing value of the biomass of lichens, 
attempts to assess the changes in lichen cover have been made. According to The 
Swedish national forest inventory, ground lichen has decreased with 70 percent 
the last 50 years (Skogsstyrelsen 2019). There has also been a decrease in arboreal 
lichen (Skogsstyrelsen 2019).  
 
Even though lichen has been the main focus for studies of changes in ground 
vegetation in the boreal forests the focus is evolving to include other ground 
vegetation such as sedges, grasses and herbs. A previous study conducted in 
Finland (Tonteri et al. 2016) indicated that the total understorey plant cover had 
decreased with 10% while the total stand volume increased with 26% in the south 
and 16% in the north from 1985 to 2006. The decrease in vegetation cover was 
mainly lichens in the north and vascular plants in the south. It was thought to be 
an effect of forest management (Tonteri et al. 2016). 
 
Changes in the forest that are potential threats to the reindeer husbandry has also 
been noticed in consultation meetings between forest companies and the reindeer 
herders (Centrala samrådsgruppen skogsbruk/rennäring sammanträdesprotokoll 
2018). During the consultations, the impact of forestry on the reindeer husbandry 
is discussed extensively. Negative impacts include harvesting of important forest 
stands, planting of lodgepole pine and the disappearance of important food 
sources. During consultation, it has been noted that forests set aside to remain for 
the reindeer husbandry have been sold by forest companies to new owners who 
have subsequently harvested the land. During warmer summers, spruce forests 
have been of utmost importance to provide the reindeer with protection from the 
sun so that they do not suffer from overheating (Mallory & Boyce 2018). This 




between them. The two most important parts of a reindeer husbandry forest are 
protection (against sun as well as insects) and food (Centrala samrådsgruppen 
skogsbruk/rennäring sammanträdesprotokoll 2018). 
 
 
According to some reindeer herders, the focus for consultations has mostly been 
to preserve the lichen rich forests and therefore the importance of old spruce 
forests for summer grazing has been neglected (Sandström, Esselin et al. 2006). 
This report was aimed to describe the changes in relative stocking level, age 
distribution and field-layer (herbs, sedges and grass) in spruce forests within the 
reindeer husbandry area since 1985. Furthermore, an analysis of the connection 
between the field-layer and relative stocking level or age was made. The study 
was conducted with the help of recorded data from The Swedish national forest 
inventory. 
1.2. Historical land use and forest structure 
Historically the forest structure has mainly been determined by natural 
disturbances and climate (Josefsson et al. 2010). Topography, hydrology and soil 
composition are also factors effecting forest structure (Josefsson et al. 2010). 
Anthropogenic impact can change forest structure by clearcutting, favouring 
certain tree species and/or lowering the age of trees (Josefsson et al. 2010). A 
study conducted by Josefsson et al (2010) on historic sami settlements in the north 
of Sweden has shown the local forest had a considerably lower age and a five 
times higher abundance of birch than the surrounding forest. However, the 
changes are only local within and around the settlements (Josefsson et al. 2010). 
Preindustrial anthropogenic land use may have had a positive impact on 
ecosystems of the forest land by grazing, felling trees, the use of fire, or a 
combination of such disturbances (Josefsson et al. 2010).  
 
The use of forest land in Sweden has been going on for a long time (KSLA 2015). 
Initially it was mostly used for hunting grounds, wood for fuel and building 
materials (KSLA 2015). The forest was also used for the production of coal, tar 
and potash (KSLA 2015). In the 13th century mining became a large consumer of 
wood until the end of the 19th century (KSLA 2015). Mining was concentrated to 
the north parts of Sweden (KSLA 2015). The wood was used as fuel during ore 
extraction while charcoal was used for melting and processing (KSLA 2015). In 
the south parts of Sweden wood materials was used in the production of iron and 
steel, shipbuilding, glassmaking, other industrial activities as well as domestic use 
(KSLA 2015). In the mid of the 19th century the demand for sawn logs increased 
and 50 years later materials for the manufacture of paper and pulp (KSLA 2015). 
The intense exploitation of the forest during this period led to a depleted forest 
which caused the government to pass the first forestry act in 1903, which implies 
an obligation to rejuvenate after harvesting (KSLA 2015). During the rapid 
exploitation phase the proportion of pine forest decreased while the proportion of 
spruce forests increased (Linder & Östlund 1998). However, through silvicultural 




(Linder & Östlund 1998). The proportion of deciduous trees has also seen a rise 
and fall during the 20th century. First a rise from pioneer tree species being 
favoured after clear-cuts and a fall through the use of herbicides during the 1960-
1970s (Linder & Östlund 1998). Today, most deciduous trees are young and grow 
in stands that was clear-cut 10-20 years ago (Axelsson & Östlund 2001).  
 
Modern forestry have changed the structure of forests by creating unnaturally 
dense monocultures (Linder & Östlund 1998; Axelsson & Östlund 2001). Since 
the 20th century clear cutting has replaced fire as the most important factor that 
influences forest structure (Axelsson & Östlund 2001). The structure of forests in 
Sweden is driven by the demand of the industry which is regulated by the 
legislation of forestry. As mentioned above the first forest act was passed in 1903. 
In 1905 a forestry authority was established, university-level forest education 
started in 1915 and the Swedish National Forest Inventory was established in 
1923 (KSLA 2015). The legislation of forestry has been revised many times since 
1903 (KSLA 2015). Today ecological values and the preservation of biodiversity 
is becoming more important due to the lack of natural disturbances as a 
consequence of forest management structure (KSLA 2015). Modern forestry is 
focused on preserving areas with high biodiversity (KSLA 2015). The 
disappearance of natural forests and their ecological niches threaten the species 
associated with old forest structures (Axelsson & Östlund 2001).  
 
The impacts of modern forestry have affected most forest regions around the 
world (Boucher et al. 2009). Natural disturbances have been replaced by modern 
forestry practises and can be considered a major component of a new disturbance 
regime (Boucher et al. 2009). Modern forestry has reduced forest ages, 
diminished the abundance of dead wood, favoured pioneer species and 
homogenized the landscape structure and composition (Boucher et al. 2009). 
1.3. Extreme weather events and the need for reindeer suited 
habitats 
The early summer months of May and June are important for reindeer. This is the 
time when the calves are born and the reindeer have to regain their nutritional 
balance after the long winter (Käyhkö & Horstkotte 2017; Mallory & Boyce 
2018). They graze on birch (Betula), willow (Salix spp.) and new vegetation 
around creeks and mires (Käyhkö & Horstkotte 2017). Spring diet can consist of 
up to 50% of sedges (Bergerud 1972). Sedges keep being 10% of the diet all 
throughout summer and fall until falling to 7% by winter (Bergerud 1972). At the 
end of June to the beginning of august the reindeer graze freely on a wide range of 
herbs and grasses to prepare for winter (Käyhkö & Horstkotte 2017).  
 
A tough winter followed by a warm summer is devastating for reindeer. As seen 
in Lapland during the 1970s calves and adult reindeer in poor condition died in 
the heat and by insects (Helle 1982). A tough winter for reindeer is when a shell 




(Helle 1982, Hansen et al. 2010). In coniferous forests, winters with a lot of 
snowfall do not form hard snow on the snow surface that can bear the weight of a 
reindeer until early spring (Helle 1982). This prevents reindeer from moving 
around in search of food (Helle 1982). Reindeer try to minimize energy loss 
during winter by avoiding habitats with deep and hard snow when digging for 
food (Hansen et al. 2010). Lichen covered with a layer of ice is detrimental for 
reindeer since warming up the food to body temperature can mean higher energy 
loss than gained (Helle 1982). Lichens can also mold when snow falls on them 
before the ground is frozen. When a reindeer must search large areas for food 
their condition can deteriorate even before mid-winter (Helle 1982). 
 
Hot summers are problematic for reindeer since they do not have the ability to 
sweat, therefore all excess heat must evaporate through their mouths (Kolloen 
2015; Helle 1982). Hot summers also increase the abundance of blood sucking 
insects such as gnats, midges, horseflies, and parasites (Helle 1982; Hagemoen & 
Reimers 2002). The high season for bloodsucking insects starts in June and July 
and can be very stressful for the reindeer (Helle 1982). 
 
In a study (Hagemoen & Reimers 2002) of reindeer behaviour in response to 
insects, reindeer was observed avoiding direct sunlight since the intensity of 
Oestrid fly harassment decreased in the shades. Under severe harassment reindeer 
seek wind exposed hilltops or other open spaces where the heat and insects are 
less prominent (Hagemoen & Reimers 2002; Mallory & Boyce 2018). On less 
windy day’s reindeer can run around for hours or whole days seeking refuge, 
preventing them from feeding (Hagemoen & Reimers 2002). They can also seek 
dry, shady forest slopes and they depend on dense spruce forests to protect them 
from heat and insects (Carlsson & Boström 2014).  
1.4. Effects of Modern management on reindeer habitats 
In the boreal forest’s disturbance such as forest fires has been a major driver that 
effects forest succession (Kuuluvainen, 2002, Kivinen 2010). The natural 
succession time for boreal forests can be up to 700 years (Shorohova et al. 2009). 
However, modern forest management has pushed the rotation time down to 100 
years (Hedwall et al. 2019; Petersson et al. 2019). This along with an increase of 
spruce has become an important driver of change in understorey vegetation 
structure and diversity. Differences in ground vegetation patterns can be linked to 
tree species, forest stand age and differences in canopy cover (Widenfalk & 
Weslien 2009). For stands of spruce, grass cover decreases as canopy cover 
increases (Widenfalk & Weslien 2009; Bäcklund et al. 2015).  
 
Spruce forests offer increased shading that creates unique conditions for the field 
layer (Petersson et al. 2019). Changes in light exposure effects the growth of the 
field layer (Widenfalk & Weslien 2009; Petersson et al. 2019). Thus, the main 
event changing light exposure in modern boreal forests is forest management 





Natural disturbances such as forest fires and windthrow can also change light 
exposure but modern management tries to minimize the risk of natural 
disturbances because it means a loss in revenue. Higher relative stocking level 
reduces the risk of storm-fellings and also provides benefits in producing more 
twig-free timber for the industry. Thus, creating evenaged, evensized 
monocultures that influences the abundance-relationships between light 
demanding and shade tolerant species (Hedwall et al. 2019). Early pre 
commercial thinning in young stands can increase species richness by offering 
more light to the field layer (Widenfalk & Weslien 2009). However, it cannot 
compensate for the loss of such species and habitats lost through clear-cuts of old 
mature forests (Widenfalk & Weslien 2009). 
 
The majority of boreal forest species have found ways to adapt to temporal and 
spatial changes in the landscape (Kuuluvainen 2002). This prevents extinction 
through stabilizing the forest over long time periods and large areas.  
Modern management disrupt the natural disturbances of forests by preventing 
self-thinning and the accumulation of dead wood. Studies on different forest 
management treatments have shown that the less intensive treatments that are 
more similar to unmanaged forest are the best choice for maintaining understorey 
vegetation (Tonteri et al. 2016; Vanha-Majamaa et al. 2017). However, there have 
not been many studies carried out on the successional patterns of understorey 
vegetation in unmanaged or managed forests (Uotila & Kouki 2005). 
1.5. Old spruce forests 
An essential food source for reindeer that requires old undisturbed forests, mostly 
spruce forests is arboreal lichen (Borchert 2001). The best arboreal is found in 
spruce forests around 120 to 210 years old (Borchert 2001). 
 
Regulations such as FSC have improved the forest management methods in 
Sweden. Large forests companies and the state have certified their lands. 
However, 50% of the forest lands in Sweden is owned by private landowners 
whereas many reject the FSC certification (FSC 2018).  
1.6. The aim of the study  
The aim of the study was to i) describe how spruce forests within the reindeer 
husbandry area of Sweden have changed over time with regards to field layer, 
stand age distribution and relative stocking level from a reindeer husbandry 
perspective,, and ii) perform a statistical test of the relationship between field-
layer and relative stocking level or age distribution. The study was focused on 






Ever since 1923 The Swedish national forest inventory has had a commission to 
describe the state and changes of Sweden´s forests. Every year The Swedish 
national forest inventory conducts an inventory on circa 11 000 sample plots all 
over Sweden by collecting data on a large range of variables 
(Riksskogstaxeringen 2020). The inventory is based on temporary and permanent 
sample plots with a radius of 7 or 10 meters. When the data has been collected it 
goes through tests and quality controls and then stored in a database located at 
SLU (Swedish university of agricultural sciences) in Umeå. This information is 
the basis for growth estimations of Swedish forests. For further information on 
how the tests were conducted see Fridman et al (2014) and The Swedish national 
forest inventory´s webpage (The Swedish National Forest Inventory | 
Externwebben). The results in this study are restricted to spruce forests of 
municipalities situated within the reindeer husbandry area see (Fig 1, appendix 
A). Spruce forests are indicated as forests containing at least 65% spruce (Nilsson 
et al. 2019). This study was conducted in Umeå during March and April of 2020. 
 








2.2. Data collection 
 
Data of stand age distribution, field-layer (vascular plants that are less than 0.5 m 
in height) and relative stocking level was derived from The Swedish national 
forest inventory´s database kuben. Kuben was downloaded in Microsoft Excel 
(version 2019) in the form of pivot tables where the search was limited to spruce 
forests within the reindeer husbandry area. A spatial demarcation was made to 
include only municipalities located within the reindeer husbandry area (appendix 
A). The data was then examined over a time horizon (from 1986 to 2016). The 
results were represented as average values over five years in 1000s of hectares. 
 
The age of a stand is recorded as total age. Total age of a tree is the number of 
years that have elapsed from the time that the seed has germinated up to the year 
before the estimate. The total age is calculated as breast height increased with the 
number of years that are normally expected to take place to see a freely grown 
plant at the site in question to reach breast height. In The Swedish national forest 
inventory´s field instructions (The Swedish National Forest Inventory | 
Externwebben) there is a table which is used as a guideline for conifers. 
 
Field-layer is recorded for each species as coverage percentage of a sample plot. 
 
Relative stocking level is an index that describes the relative growth capacity of a 
stand compared to the ideal production at the site. The relative stocking level is a 
measure of relative density compared to an ideal stand density that make use of 
the growth capacity of the site. For stands up to seven meters of average height it 
is based on site index, average tree height and number of main stems per hectare, 
and for taller stands it is based on site index, average height and basal area. Stand 
density index is indicated in tenths of 0.1 and up, where the density is 1.0 
represents full use of growth capacity. More fertile sites need higher number of 
stems/basal area to reach the same relative stocking level. The assessment is made 
on the main tree species. In the assessment, seed trees, undergrowth trees and 
dead trees are ignored. 
2.3. Data processing 
 
2.3.1. Changes in total area, relative stocking level and age 
distribution 
To display changes in age distribution and total area the values derived from 
Kuben was converted into a bar diagram in Microsoft excel (2019). Changes in 
relative stocking level was made the same way but instead of using a bar diagram 





2.3.2. Statistical analysis 
To be able to compare the changes of spruce forests over a timeframe of 30 years 
the values had to be converted into percentages of total area. This was made in 
Microsoft excel (2019) by dividing the values with total area for each variable and 
creating tables (appendix C, appendix D) to display the results for further 
processing. 
 
Age was used as categorical data with intervals of 20 years (see appendix D) and 
the percentage (rounded to 10th of %) of either grass or herbs as nominal data for 
one analysis. For the other analysis relative stocking level was used as categorical 
data with intervals of 0,2 and the percentage (rounded to 10th of %) of either 
grass or herbs was used as nominal data 
 
The next step was to import the data into the statistical analysis software SPSS. 
The percentages of Grasses and herbs where studied separately towards either 
relative stocking level or age distribution through Chi-square tests. Since the data 
was insufficient for the normal Chi-square test a variation of the test called 
fisher´s exact test for smaller samples was used. If the Chi-square test determined 
the variables where dependent on each other (significance value less than 5%) the 
strength of the association was noted through Cramer’s V. When the statistical 






3.1. Age distribution 
 
Figure 2: Age distribution of spruce forests within the reindeer husbandry area from 1986 to 2016 
in 1000´s of hectares. Source: The Swedish national forest inventory. 
 
There is a trend of increasing younger stands 21-60 years and a decrease of stands 
60 to 120 years (Fig 2). Spruce forests older than 121 has increased since 1996. 
The total hectares of spruce forests has gone from 2 641 000 hectares since 1986 
to 2 227 000 hectares by 2016 (Fig 2). 
 
3.2. Relative stocking level of spruce forests  
There has been a significant increase from circa 10% year 1986 to circa 50% year 
2016 of spruce forests between 0-20 years with a relative stocking level of 1(Fig 
3). There has been an increase of spruce forests of 21-40 years with a relative 
stocking level of 1 since 1986 to 2016 of circa 20% (Fig 4). Spruce forest over 40 
years show minor changes in relative stocking level since 1986 (appendix B). 
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Figure 3: Relative stocking level distribution in percentage of total area of Spruce forests within the 





Figure 4: Relative stocking level distribution in percentage of total area of Spruce forests within the 
reindeer husbandry area aged between 21-40 years from 1986 to 2016. Source: The Swedish 























































3.3. Relative stocking level and Field-layer distribution 
The field-layer and relative stocking level was stable from 1986 to 2016 with a 
few exceptions (appendix C). The area of spruce forests with a relative stocking 
level of 1 has doubled since 1996 and the average value of herbs in forests with a 
relative stocking level of 1 has decreased with circa 20% the last 20 years 
(appendix C). There has been a 30% decrease of herbs within spruce forests with 
relative stocking level 0,1 from 1996 to 2006 and an increase of 35% from 2006 
to 2016 (appendix C). There is a larger proportion of herbs in spruce forests with 
a relative stocking level over 0,5 and forests with a relative stocking level of 0,1 
(appendix C). The field-layer in forests with a relative stocking level between 0,2 
and 0,5 has similar values except an increase in grass in less dense stands 
(appendix C). There is a larger proportion of grass in stands with a relative 
stocking level between 0 and 0,3 as well as 1 (appendix C). Sedges is the highest 
percentage in low densities but still only about 10% (appendix C).  
 
 
Figure 5: Scatter plot of the correlation between percentage of total hectares with grass (y-axis) 
and the relative stocking level of spruce forests (x-axis) within the reindeer husbandry area. 
 
Fisher´s exact test indicated a significance value of less than 0.001 (Fig 5). Thus, 
this value was under 0.05 the null hypothesis could be rejected. Therefore, there 
was a positive association between percentage of total hectares with grass and the 
relative stocking level of spruce forests within the reindeer husbandry area (Fig 






Figure 6: Scatter plot of the correlation between percentage of total hectares with herbs (y-axis) 
and the relative stocking level of spruce forests (x-axis) within the reindeer husbandry area. 
 
Fisher´s exact test indicated a significance value of 0,041 (Fig 6). Thus, this value 
was under 0.05 the null hypothesis could be rejected. Therefore, there was an 
association between percentage of total hectares with herbs and the relative 
stocking level of spruce forests within the reindeer husbandry area (Fig 6). 
Cramer’s V indicated a strong association between the variables of 0,417. 
3.4. Age and Field-layer distribution 
 
There has been a 1/3 decrease of the total area of spruce forests between 101-120 
years and a decrease of the average value of herbs with circa 15% since 1996 
(appendix D). The proportion of herbs in forests between 0-20 have decreased 
with circa 10% from 1996 to 2006 (appendix D). The proportion of grass is higher 
in spruce forests between 0-20 years (appendix D). The largest proportion of grass 
is found in forests between 0 and 40 years (appendix D). Sedges is 20% in forests 
between 21-40 years, by far the highest percentage of sedges in any other age 
class (appendix D). Fisher´s exact test indicated a significance value of 0,002 (Fig 
7). Thus, this value was under 0.05 the null hypothesis could be rejected. 
Therefore, there was an association between percentage of total hectares with 
grass and the age of spruce forests within the reindeer husbandry area (Fig 7). 






Figure 7: Scatter plot of the correlation between percentage of total hectares with grass (y-axis) 
and the age of spruce forests (x-axis) within the reindeer husbandry area. 
 
 
Fisher´s exact test indicated a significance value of 0,98 (Fig 8). Thus, this value 
was over 0.05 the null hypothesis could not be rejected. Therefore, there was no 
association between percentage of total hectares with herbs and the age of spruce 




Figure 8: Scatter plot of the correlation between percentage of total hectares with herbs (y-axis) 






4.1. Changes in spruce forests within the reindeer 
husbandry area of Sweden 
 
There has been a total decrease of 414 000 hectares of spruce forests within the 
reindeer husbandry area since 1986 (Fig 2). The age distribution has shifted with 
an increase of younger forests 21- 60 years and a decrease of older forests 60 to 
120 years. According to Figure 1, spruce forests older than 120 years increased in 
1996 to 2016, after an initial reduction in 1986 to 1996. The increase of forests 
older than 120 years might be a result of FSC certification and/or the protection of 
old forests for nature conservation. The total area of forests with a relative 
stocking level of 1 has doubled since 1996 (appendix C). There has been a 
significant increase of spruce forests between 0-40 years with a relative stocking 
level of 1 (Fig 3, Fig 4). Spruce forests over 40 years show minor changes in 
relative stocking level since 1986 (appendix B).  
 
There are more sedges in low densities than high densities but still only about 
10% (appendix C). There is a strong relationship between herbs/grasses and 
relative stocking level of spruce forests within the reindeer husbandry area (Fig 5, 
Fig 6). The proportion of herbs increases as relative stocking level increases (Fig 
6). The proportion of grass decreases as relative stocking level increases with the 
exception of relative stocking level 1 (Fig 5). 
 
The increased proportion of grass in relative stocking level 1 may be caused by a 
larger proportion of trees between 0-40 years whereas grass is in higher 
proportion in younger stands (appendix D). There is a strong relationship between 
the proportion of grass and forest age (Fig 7) The highest percentage of grass was 
found in spruce forests between 0-20 years (appendix D).  
 
The total area of forests with relative stocking level 1 has doubled since 1996 and 
herbs have simultaneously decreased with 20% (appendix C). There is a larger 
proportion of herbs in spruce forests with a relative stocking level over 0,5 and 
spruce forests with relative stocking level 0,1 (appendix C). No relationship was 
found between herbs and age of spruce forests within the reindeer husbandry area 
(Fig 8). However, the proportion of herbs has decreased with 10% in spruce 





spruce forests between age 101- 120 since 1996 (appendix D). Through loss of 
stands with a high proportion of herbs the average could have been pushed down. 
 
4.2. Method discussion and future studies 
 
In this study spatial boundaries that reflects the entire reindeer husbandry area 
would have been desirable. In the future, it would be good if such boundaries 
were included in The Swedish national forest inventory´s database to facilitate 
further studies.  
 
The results of the correlation between field-layer and relative stocking level (Fig 
5, Fig 6) obtained from this study is not surprising. Previous studies explained 
earlier in this report (see section 2.2.) strengthen those results. Furthermore, the 
reason for the changes in forest structure that supports the results of this study is 
explained in section 2.1. Therefore, the results of this study are not surprising and 
is supported by previous studies. 
 
An increase of grass in younger and less dense stands may be explained by an 
increase in clear-cuts (appendix C, appendix D). After final harvesting, it is 
common to see an increase in grass (Uotila & Kouki 2005). Stands with relative 
stocking level 1 has doubled since 1996 with the majority of the new area being 
stands between 0-40 years (appendix C). The high proportion of grass seen in 
these areas likely remained from the low densities following a clear-cut (Fig 3, 
Fig 4, appendix C, appendix D). Although the proportion of grass is increasing 
with younger more dense stands, the old spruce forests that offers habitats for 
arboreal lichen are decreasing (see section 2.3., Fig 2). It would have been 
interesting to investigate what has happened to the spruce forests that have 
disappeared within the reindeer husbandry area. Perhaps it has been planted with 
another tree species. 
 
It would also be interesting to do a study on the spatial relationship of spruce 
forests within the reindeer husbandry area and complement with age distribution, 
field layer and relative stocking level since reindeer need to be able to move 
between habitats. It could offer additional knowledge for the trade-off planning 
process of commercial forestry and reindeer husbandry. Planning reindeer 
husbandry and commercial forestry is hard (Sandström, Moen et al. 2006). 
Furthermore impacts of climate change adds additional pressure to the reindeer 
herding industry (Furberg et al. 2011). Decision makers on national level, 
regional as well as local levels, need to have an increased understanding into the 
various pressures affecting reindeer husbandry to be able to make substantiated 
decisions (Furberg et al. 2011). Maintaining essential habitats for reindeer is just 
as important as secure connectivity of those habitats in the landscape so the 
reindeer can roam between them (Kivinen et al. 2010). The challenges of the 
future will be to combine production forest, maintain biodiversity and reindeer 





4.3. Relative stocking level and forest age impact 
reindeer habitats 
 
There have been no significant differences in proportion of sedges in spruce 
forests within the reindeer husbandry area since 1986 except an increase of sedges 
with 10% in stands with relative stocking level 0,1 (appendix C). However, one 
must not forget that the total area of spruce forests within the reindeer husbandry 
area has decreased by 414 000 hectares since 1986 (Fig 2). There could also be a 
difficulty in assessing the proportion of sedges due to a lack of data (appendix C, 
appendix D). No Chi-square test was performed on sedges in this study due to a 
lack of data. 
 
Grass cover decreases as relative stocking level increases (Fig 6) ultimately giving 
the same effect of increased shading as a closed canopy cover (see section 2.3.). 
Even though spruce forests have decreased in recent years (Fig 2) the remaining 
spruce forests have become increasingly dense (appendix C).  Relative stocking 
level of spruce forests are strongly correlated to field-layer (Fig 5, Fig 6) and the 
relative stocking level distribution of spruce forests in Sweden is changing 
(appendix B).  Therefore, the field-layer of spruce forests within the reindeer 
husbandry area is expected to change due to the effects of modern forest 
management. Mainly through a larger proportion of younger and denser forests. 
However, the effects on different species in the field-layer will differentiate. As 
seen from the results of this study grasses are affected by age and relative 
stocking level but herbs only by relative stocking level (Fig 5-8). More studies 
need to be conducted to further understand the effects of modern management on 
reindeer husbandry.  
 
Within the reindeer husbandry area there has been an increase of stands between 
0-20 with relative stocking level 1 and simultaneously a 10% decrease of herbs 
since 1996 (appendix C). The results suggest that forests of high densities do not 
necessarily mean low proportions of herbs. On the contrary forests with a relative 
stocking level over 0,5 has a higher proportion of herbs (appendix C, appendix D, 
Fig 6). In contrast to herbs, grasses are highest in abundance in stands with low 
densities (Fig 5). However, there has been a 10% increase of grass in forests with 
a relative stocking level of 1 since 1986 (appendix C, appendix D). This may be 
an effect of an increased proportion of younger stands with relative stocking level 
1, since grass is more abundant in younger stands (appendix D, Fig 3-4). After a 
clear-cut the successional pattern usually starts with grass dominating in the open 
forest and later herbs in the older denser forests (appendix C, appendix D. 
 
There is no research on how old and/or dense spruce forests need to be to offer 
reindeer protection. However, since dense lodgepole pine stands have been 




reindeer the stands should be neither to open nor to dense. Denser and younger 
stands may be detrimental to reindeer, but it cannot be answered with this study 
alone. However, since the spruce forests have decreased by 414 000 hectares 
within the reindeer husbandry area since 1986 (Fig 2). Further decline of spruce 
forests combined with tougher winters and warmer summers could be deadly for 
reindeer (see section 2.2.). Furthermore, a decrease of spruce forests means a 
decrease in reindeer food sources found in those habitats. 
 
The age distribution of spruce forests within the reindeer husbandry area has 
shifted (Fig 2). There is an increase of younger forests under 60 years and a 
decrease of older forests over 60 years (Fig 2). This is an effect of modern 
forestry where one wants to exploit stand production capacity through shorter 
rotation times and not to let the forest get too old and ruined. 
 
Since reindeer do not eat coniferous saplings or seedlings, they are not a risk to 
the production of spruce forests but since these forests’ harbours arboreal lichen 





Spruce forests within the reindeer husbandry area of Sweden has decreased since 
1986. This have negative consequences for the reindeer through loss of protection 
against heat and insects, especially during hot summers. The decrease of spruce 
forests also means less food sources for the reindeer. The age distribution of 
spruce forests has shifted with an increase in forests younger between 20-60 years 
and a decrease of forests between 60 -120 years. The proportion of grasses in 
spruce forests within the reindeer husbandry area has a strong correlation with 
relative stocking level and forest age. The proportion of herbs has a strong 
correlation to relative stocking level and no correlation to forest age. Modern 
forestry has made the spruce forests younger and denser, which is accompanied 
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Relative stocking level distribution of spruce forests within the reindeer 
husbandry area sorted by age 
 
 
Relative stocking level distribution in percentage of total area of Spruce forests within the reindeer 


























































Relative stocking level distribution in percentage of total area of Spruce forests within the reindeer 
husbandry area aged between 61-80 years from 1986 to 2016. Source: The Swedish national forest 
inventory 
 
Relative stocking level distribution in percentage of total area of Spruce forests within the reindeer 




Relative stocking level distribution in percentage of total area of Spruce forests within the reindeer 

























































Relative stocking level distribution in percentage of total area of Spruce forests within the reindeer 






























Field-layer distribution within the reindeer husbandry area (sorted by relative 
stocking level) 
 
Field-layer distribution (percentage of total area) since 1986 of spruce forests within the reindeer 
husbandry area of Sweden (sorted by relative stocking level). Empty cells indicate a lack of data.  






 1986 1996 2006 2016 
Relative stocking level: 0         
Herbs       57% 
Grass       29% 
Sedges         
Total area (1000s of hectares)       7 
Relative stocking level: 0,1         
Herbs 58% 43% 14% 50% 
Grass 26% 29% 43% 33% 
Sedges 5%     17% 
Total area (1000s of hectares) 19 14 7 6 
Relative stocking level: 0,2         
Herbs 20% 30% 17% 25% 
Grass 23% 30% 25% 25% 
Sedges 3%     8% 
Total area (1000s of hectares) 35 20 12 12 
Relative stocking level: 0,3         
Herbs 25% 24% 19% 22% 
Grass 19% 8% 23% 16% 
Sedges 3%   2%   
Total area (1000s of hectares) 109 83 52 37 
Relative stocking level: 0,4         
Herbs 26% 27% 28% 23% 
Grass 13% 10% 12% 15% 
Sedges 2% 1% 1% 3% 
Total area (1000s of hectares) 297 194 151 143 
Relative stocking level: 0,5         
Herbs 27% 24% 29% 26% 
Grass 11% 7% 9% 9% 
Sedges 2% 2% 2% 1% 





 1986 1996 2006 2016 
Relative stocking level: 0,6         
Herbs 33% 38% 37% 35% 
Grass 11% 10% 9% 11% 
Sedges 1% 0%   0% 
Total area (1000s of hectares) 342 313 314 305 
Relative stocking level: 0,7         
Herbs 34% 38% 33% 35% 
Grass 11% 9% 12% 10% 
Sedges 1% 2% 1% 1% 
Total area (1000s of hectares) 492 426 440 381 
Relative stocking level: 0,8         
Herbs 40% 45% 35% 32% 
Grass 9% 11% 11% 13% 
Sedges 2% 1% 0% 0% 
Total area (1000s of hectares) 424 339 331 315 
Relative stocking level: 0,9         
Herbs 40% 46% 39% 40% 
Grass 12% 11% 15% 16% 
Sedges 2% 1% 0% 0% 
Total area (1000s of hectares) 255 274 266 216 
Relative stocking level: 1         
Herbs 34% 44% 29% 27% 
Grass 17% 24% 30% 30% 
Sedges 3% 1% 2% 4% 
Total area (1000s of hectares) 187 205 329 414 
Relative stocking level: 1,1         
Herbs 41% 52% 33% 40% 
Grass 15% 8% 16% 3% 
Sedges 1%   4% 1% 






Field-layer distribution within the reindeer husbandry area sorted by age 
 
Field-layer distribution (percentage of total area since 1986 of spruce forests within the reindeer 
husbandry area of Sweden (sorted by age). Empty cells indicate a lack of data. Source: The 
Swedish national forest inventory. 
 1986 1996 2006 2016 
0-20 years         
Herbs 34% 35% 27% 23% 
Grass 41% 47% 52% 54% 
Sedges 4% 3% 2% 4% 
Total area (1000s of hectares) 348 337 396 372 
21-40 years         
Herbs 29% 43% 39% 39% 
Grass 28% 17% 18% 19% 
Sedges 7% 2% 2% 1% 
Total area (1000s of hectares) 163 176 202 276 
41-60 years         
Herbs 32% 36% 32% 42% 
Grass 4% 8% 13% 8% 
Sedges 6% 2% 1% 1% 
Total area (1000s of hectares) 108 107 196 236 
61-80 years         
Herbs 34% 38% 26% 37% 
Grass 9% 3% 6% 10% 
Sedges 1% 0%   1% 
Total area (1000s of hectares) 231 202 140 126 
.  
81-100 years         
Herbs 36% 44% 34% 32% 
Grass 6% 4% 2% 6% 
Sedges 1% 1% 0%   
Total area (1000s of hectares) 411 322 245 193 
101-120 years         
Herbs 38% 40% 33% 26% 
Grass 5% 4% 6% 4% 
Sedges 1%   1% 0% 
Total area (1000s of hectares) 506 367 286 228 
+120 years         
Herbs 29% 33% 35% 31% 
Grass 6% 2% 4% 5% 
Sedges 1% 1% 1% 1% 
Total area (1000s of hectares) 874 732 781 796 
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